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The effect of hydrazine on the proposed triplet nitrene
photochemical intermediate of the azidopentaamminerhodium(III)
complex has been studied. The methodology for the investigation
includes the use of solutions of several hydrazine concentrations
and pH’s, irradiating the solutions at 25mm and determining the
quantum yields for the rhodium complex decomposition and hydrazine
decomposition. The results show that in acidic solutions the photo—
decomposition of the rhodium complex is unaffected by the presence
of hydrazine, the intermediate being unreactive towards the hydrazi—
nium (1+) ion, while at pH 5 through pH 7 the photodecomposition of
the rhodium complex is inhibited. The existence of the rhodium
complex — hydrazine interaction at neutral pH is suggested by the
analysis of the solution spectra.
ACKNOWLEDGEM ENTS
I am thankful to Dr. James L. Reed for his consistent help,
advice, understanding and valuable comments offered during this
study. It has been a pleasure working with him for the past two
years. The help of Mr. William D. Phillips in the early phase of
this work is gratefully acknowledged.
I am deeply indebted to my sister, Sikangezile Onabanjo for
the moral support given during the course of the study. My
appreciation goes to Mr. Godwin Oghide for all the help rendered.
My sincere gratitude to Dr. George K. Olarewaju, for all his
encouragement, understanding, concern and love.
Special thanks to my parents, Dr. and Mrs. S.F. Zulu for all
their support.
11
• TABLE OF CONTENTS
Page
ACKNOWLEDGEMENTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ii
LIST OF FIGURES.................. ..................... iv
LIST OF TABLES...... .... ..........••~• ........................ vi
INTRODUCTION...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . •. 1
THEORY AND REVIEW................ ........................ 6
EXPERIMENTAL...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
RESULTS AND DISCUSSION........................................ 22
CONCLUSION.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53




1 Diagram showing a number of photophysical
processes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
2 Opt i cal t ra i n . . . . . . . . . . . . . . . . . . . . . . . . . . 13
3 Rayonetphotochemical reactor..................... 14
4 The ultraviolet spectrum of Rh(NH3)5N32~
in water.... ... . .. . . .. •...... ... ... . ..... ... 23
5 The ultraviolet spectrum of N2H4 in
water. • • . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
6 A plot of absorbance vs time of irrad~ation
for an aqueous solution of 1~,(NH3)5N3L+
at 251 nm. ••••••••.•••...•..................... ... 27
7 A plot of absorbance vs time of irradj~ation
for an aqueous solution of J~i(NH3)5N3’~
containing N2H4H2SO4atpH2.5................... 28
8 A plot of absorbance vs time of irradiation
for an aqueous solution of ~(NH3)5N3’~
containing N2H4~H2SO4atpH3.8................... 32
9 A plot of absorbance vs time of irradiation
for an aqueous solution of l~(NH3)5N3’~
containing N2H4H2SO4atpH4.3................... 33
10 U.V. spectra 9f the following aqueous solutions
1. 3.19 x 1O~M ~Th(NH3)5N3~ solution
at pH 7.3
2. 3.19 x 104M NH~)5~2~ solution
containing 1.66 x 10 t~ N2H4 at pH 7.3
3. 1.66 x 104M N2H4 at pH 7.3................... 39
11 A plot of amj vs aij for a one species test........ 40




13 A plot of (amxaij) — (amyaix)
(amxaiz) — (amzajx)
vs
— (amxaij) — (amjaix)
(amxaiz) — (amzaix) for a three
species test 42
14 A plot of absorbance at 200nm vs





1 Graphical Functions for Species Testing of
Solution Absorbance Data in Which There
is RestrictionofStoiChiOmetrY 21
2 The Absorbance and Concentration of JTh(NH3)5N32~
During Irradiation at 25lnmat PH7 . .25
3 The Absorbance and Concentration of Various
Species During Irradiation at ~51nm of
Aqueous Solution of ~(NH3)5N3 + Containing
N2H4 H2S04 at pH 2 .5 . . . . . 26
4 The Absorbance and Concentration of Various
Species During Irradiation at ~51nm of
Aqueous Solution of Rh(NH3)5N3 + Containing
N2H4~H2SO4 at pH 3.8...... ...... 30
5 The Absorbance and Concentration of Various
Species During Irradia~ion at 25mm of Aqueous
Solution of Rh(NH~)~N3 + Containing
N2H4H2S04 at pH 4.~ ...... . 31
6 The Absorbance and Concentration of Various
Species During Irradiation at ~51nm of
Aqueous Solution of Rh(NH3)5N3 + Containing
N2H4 at pH 5 .. ...... 34
7 The Absorbance and Concentration of Various
Species During Irradiation at ~51nm of
Aqueous Solution of ~(NH3)5N3 + Containing
Hyd ra z i n e at p H 6 . . . . . . . . . . . . . . . . . . . . . . . . . 3 5
8 The Absorbance and Concentration of Various
Species During Irradiation at ~51nm of
Aqueous Solution of Rh(NH3)5N3 + Containing
Hydrazi ne at pH 7.. . . . . . . . . . . . . . . . . . . 36
9 The Absorbance at 200nrn of !~i(NH3)5N32~
Solutions Containing Different Concentrations
of Hydrazine. . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
vi
Tabl e - Page
10 The Absorbance and Concentration of Various
Species During Irradiation of a Methanol ic
SolutionofNickel(II)azidoComplex 46
11 The Absorbance and Concentration of Various
Species During Irradiation of a Methanolic
Sol ution of Nickel (II) azido Complex and
1.5 x 103M Hydrazi ne. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
12 The Absorbance and Concentration of Various
Species During Irradiation of a Methanolic
Sol ution of Nickel (II) azido Compi ex and
3 . 39 x 10~ M Hy d ra z I n e . . . . . . . . . . . . . . . . . . . . . . . 48
13 The Absorbance and Concentration of Various
Species of Nickel(II) azido Complex and
2.28 x 104M Hydrazine. ......................• 49
vii
1INTRODUCTION
Recently, azido complexes have become a very important subject
for scientific investigation owing to their various modes of photo—
decompositon. These include azide equation, trans ligand aquation,
azide radical formation and coordinated nitrene formation.18 This
interest has been further encouraged by the discovery of the
nitrene photodecomposition pathway by Reed.24
The photochemistry of azide ion has been interpreted in
terms of azide radical and nitrene formation. The azide radical
intermediate was observed by Treinin and Hayon in the flash photoly—
sis of aqueous sodium azide containing sufficient sodium hydroxide
to retard hydrolysis9, equation 1.
N3 h~ > e - (aq) + N3 (1)
The azide radical was observed for excitation below 230nm. The
nitrene intermediate was studied by Gleu’° and more extensively by
Burak and Treinin in their steady state photolysis of azide ion.1’
Gleu proposed nitrene as an intermediate in the photolysis of
aqueous sodium azide which then reacts with water to form hydroxyla
mine, equations 2 and 3.
1
2
N3 h\ NH + N2 (2)
NH + H20 ) NH2OH (3)
Burak and Treinin studied the kinetics of the photolysis of
aqueous sodium azide in order to determine a possible mechanism for
the photo—reactions of the azide ion. The following mechanism was
proposed,
N3_* ()
N3_* + H20 > NH + N2 + 0H (5)
NH + H20 NH2OH (6)
NH + N3 (N2,N2H4,H2,NH3) (7)
The kinetic results suggest that nitrene is formed as the reaction
intermediate.
Generally, the azido—metal complexes have been observed to
undergo the following modes of photodecomposition:12
a) photosubstitution which involves the loss of the azido
group as azide ion,
b) photo oxidation—reduction which involves the reduction
of the metal center and the formation of the azide radical
c) formation of the coordinated nitrene.
3
The formation of coordinated nitrene as a reaction intermediate in
the reactions of Ru(NH3)5N32~, Ru(NH2CH2CH2NH2)2N2N31~, Ru(NH2CK2—
CH2NH2)2(N3)21~ and Ir[(NH3)3]5N32~ with aqueous acid has been
estabi i shed • 13 , 14
The proposed mechanism of coordinated nitrene formation is as
foil ows:
H
M-N=N=N~+ W~ _—~M~NsN=N~ (8)
M_~=N=N~1 ) M-NH~1 + N2 (9)
This mechanism has been supported by the Isolation of the protonated
form of the analogous Co(NH3)5N32~ complex.15 Further support is
given by the nitrene intermediates formed from the decomposition of
organic azides with acids ~Aiich has been well established.’6
For (NH3)5N32~, protonated azide does not appear to be an
intermediate. It’s photolytic pathway has been studied extensively
by Reed2 and a mechanism proposed, equations 1~—13.
hv
Ri(NH3)5N32~ > [R1(NH3)SN32i* (10)
[R~(NH3)sN32i* > ~i(NH3)5N32~ + A (11)
> Ri(NN3)5N2~ + N2 (12)
!~i ( NH3) 5N2~ + H~ ~ ( NH3) 5NH3~ (13)
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Nitrene may occur in eithei~’ of t~io spin states, singlet where the
spins are paired or triplet state where the spins are unpaired.
The singlet nitrenes have been described as strong Lewis acids”
and triplet nitrenes as diradicals.17 The singlet nitrene has been
studied extensively.””
Reed observed that during the photolysis of nickel (II) azido
complexes to yield a nitrene which in turn scavenges ammonia to
yield hydrazine, the yield of hydrazine decreased as the photolysis
progressed.’ This suggests that the metal nitrene intermediate is
being effectively scavenged by the reaction product, hydrazine.
The reaction,
N2H4 > N2H2 + 2e + 2H~ (14)
is known to occur electrochemically. Hence,
~(NH3)5NH + N2H4—~ Ri(NH3)5NH3 + N2H2 (15)
seems to be a reasonable reaction, and might occur via a triplet
nitrene which has been speculated in some alkyl azide reactions.’8
For example, on thermolysis ethyl azide gives substantial amounts
of aziridine (as much as 35%) and small amounts of N—methylformaldi—
mine, in addition to acetaldimine polymer.
CH3CH2N3 400°C> (cH3cH=NH~ + CH2-CH2
+ CH2=NCH3 (16)
5
At low temperatures aziridine is the major product. The behavior of
alkyl azides on photolysis is similar to that of thermolysis and
the evidence implies that azide in the singlet state, rather
than a triplet azide, decomposes to singlet nitrene v~iich rapidly
relaxes to triplet nitrene.19 Reaction 15 is also supported by the
reducing effect of hydrazine in the following reaction,19
Ph—CH=CH—CH3 + N2H4 > PhCH2—CH2—CH3 + N2H2. (17)
THEORY RND -REVIEW
Photochemistry is the chemistry of a molecule in an electronic
ally excited state after photoexcitation. This involves the absorp
tion of electromagnetic radiation by the molecule. This can be
achieved either by direct absorption from a light source or energy
transfer from another electronically excited molecule. The excited
molecule can undergo any of the following transformations:
a) relax to the ground state hence releasing its energy as
heat or radiation (luminescence),
b) relax to an excited state of lower energy but same spin
(interconversion),
c) relax to an excited state of lower energy but different
spin (intersystem crossing),
d) undergo some chemical transformation.
The photophysical processes are shown in Figure 1.
Ideally, in order to know a photochemical mechanism one needs
to know the states of all the molecules in the reaction, their
energies and all side reactions that take place. In reality it is
impossible to know all this information, hence various methods are
employed to follow a reaction. In this study product identificat
ion, absorption spectroscopy, and kinetic studies were used.
















T1 Si Singlet State
T~ Triplet State
~gure 1. Diagram showing a number of photophysical
processes.
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not be compared independent’of the iRtensity of the absorbed light.
Hence, the fundamental quantity studied in photochemical kinetics
is the quantum yield, 4), which can be viewed as a measure of the
photochemical efficiency of a system. The quantum yield may be
defined as:
rate of process
intensity of absorbed radiation (18)
Photochemistry of Transition Metals:
In the following discussion no attempt will be made to give
an indepth review of the photochemistry of transition metal systems,
rather a brief background will be presented. Excellent reviews of
this subject have been prepared by several authors.2022 The photo—
chemical reactions of transition metal complexes occur in any of
the following ways: redox, ligand labilization, isomerization and
ligand transformations.23
Redox reactions occur when a ligand or solvent is either
oxidized or reduced at the expense of the central metal ,24 for
example,
cr2~(aq) ) Cr3~(aq) + 0H + H (19)
Ligand labilization occurs when either the excited molecule ejects
a ligand from its coordination sphere or when the ligand to metal
bond is sufficiently weakened to allow facile substitution,25 equa
tion 20.
9
Cr(NH3)63~ + H20~ ~ Cr(NH3)5H203~ + NH3 (20)
IsomerizatiOn occurs when the coordination sphere is rearranged
as a result of excitation,26 equation 21.
d-Cr(C204)33 — > rac-Cr(C204)33 (21)
Ligand transformation is the photochemical reaction of a coordinat
ed ligand, equation 22.27
0
0 \
=N ~2~__—~ Hg~N-NH (22)
H-N-C
The photochemistrY of the acidopentaammine complexes of
rhodium (III) has received much attention.28’29 These complexes
have been found to undergo both redox and ligand labilization
reactions, equations 23,24.
~(NH3)5Cl 2+ ~ H20 > ~(NH3)5H203~ + Cl (23)
R~(NH3)5I2~ + H20 ~Th(NH3)4H20I2~ + NH3 (24)
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Inspite of extensive studies which have been done on the
coordinated nitrene intermediates, the main focus has been on the
singlet rather than the triplet state of the nitrene. Both states
have been implicated in some reactions of alkyl azides. Further
more, in the near—ultraviolet irradiation of Ni(tet—a)(N3)2, the
primary quantum yield for singlet nitrene formation is 0.042, where
as the quantum yield for azido group photodecomposition is 0.15.
The possible fomation and reaction of the triplet nitrene
intermediate is therefore worthy of intensive study. Because the
nitrene photodecomposition pathway of R~(NH3)5N32~ has been exten
sively studied, it has been used in our work with the hope of




All reagents used were reagent grade and were used without
additional purification, unless specified.
Alcoholic hydrochloric acid
The hydrochloric acid was prepared by diluting iO.OrnL of
concentrated hydrochloric acid to 60.OmL with methanol.
Hydrazine reagent
Two grams of p—dimethylaminobenzaldehyde were dissolved in
lOOmL of ethanol and lOmL of concentrated HC1 (hydrochloric acid).
N2H42HBF4
An approximately O.2M hydrazine sulfate solution was prepared
by dissolving the appropriate amount in distilled water. Solid
barium oxide was added with stirring until the pH was maintained
between 9.5 and 10.5. The resultant precipitate was stirred for
0.5 hour and barium sulfate precipitate filtered off. Tetra—
fluoroboric acid was added dropwise until the desired pH (7)




Azidopentaammine F~odium( III) Perchl orate
[~i(NH3)SH2O](C1O4)2 was obtained from Dr. J. L. Reed,
Atlanta University and used without additional purification. Sodium
azide (O.5g) and O.5g of [FTh(NH3)5H20](Cl04)2 were refluxed in
5OmL of water for one hour. The volume was reduced to approximately
5mL by heating the reaction vessel and lOmL of methanol containing
5% sodium perchlorate added until the solution was turbid. The
solution was cooled slowly and then chilled to 0°C. The resultant
precipitate was collected in a sintered glass filter and washed
with ether and ethanol , then dried under vacuum.
Procedures
Photol ysi s
An optical train was used for the irradiations, (figure 2).
The light from a 1000W Oriel Optics high pressure xenon—mercury lamp
was focused by means of 2 quartz lens through a 14cm quartz.water
fil ter onto the entrance slit of a Bausch and Lamb Model 33—86—79
grating monochromator (1350 grooves/mm).
The light from the exit slit of the monochromator passed into a
Varian Model 01—44-4200-00 therinostated cell jacket. The jacket
was thermostated to 25.0 ± 0.1°C with a Haake Model FE constant
temperature circulator. The jacket was mounted in order that the
distance between the exit slit of the monochromator and the cell
could be changed, thus permitting the light intensity to be varied.
























Figure 3. Rayonet photochemical reactor,
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Hydrazine Analysis
Hydrazine was determined by ,the~ method of Watt and Chrisp.3°
Three milliliters of photolyte and 4.OmL of hydrazine reagent
were pipetted into a lOmL volumetric flask and diluted to the
mark with ca. 2M hydrochloric acid. The optical density was then
measured at 460nm.
Preparation of a Calibration Curve for Determining Hydrazine
Concentration
Reagent grade hydrazine sulfate was used as a standard in
preparing the calibration curve. A 5x1O4M stock solution was pre
pared in distilled water. Aliquots were pipetted from the stock
solution into ten lOmL volumetric flasks containing 2mL of hydra—
zine reagent each. The vol umes were made up with two molar alcohol -
ic hydrochloric acid. The absorbances at 460nm were obtained.
Plots of absorbance vs concentration of hydrazine sulfate were
made. The extinction coefficient of the complex formed from react
ing hydrazine sulfate with hydrazine reagent was thus determined.
In solution, hydrazine sulfate dissociates to the hydrazinium and
hydrogen ions. The former equil ibrates with free hydrazine and
hydrogen ion. Using the equil ibrium constants, at any given pH the
concentration of free hydrazine and hydraziniun ion was determined.
Light Intensity Measurements
The ferrioxalate solution was supplied by Dr. J. L. Reed. The
actinometry was performed as follows:
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Three mL of a 0.0090M potassium trisoxalatoferrate(III)
/
solution was pipetted into a 1cm tell, which was irradiated for a
known time. A 2 mL aliquot of the photolyte was then pipetted into
a lOmL volumetric flask containing lmL of a 0.10% aqueous solution
of 1,10— phenanthroline and 2mL of an acetate buffer solution and
the volume was made up with distilled water. The solution was
allowed to develop in the dark for at least one hour. Absorbance
at 5lOnm was determined. The blank was prepared by using the non-
irradiated ferrioxalate solution. The absorbance of the blank at
5lOnm was detèr1nined. The value of the absorbance of the blank
was subtracted from that of irradiated sample.
Azide Analysis
Azide was determined spectrophotometrically as its ferric
complex. Fisher ferric nitrate (20.2% w/v) was diluted 1:5, and
2mL of this solution and 2mL of photolyte were pipetted into a 1~L
volumetric flask. The solution was diluted to the mark with •water
and the optical density measured at 460nm.
Spectral Data
Spectra were recorded on a Hitachi Model 100—60 spectrophoto—
meter interfaced to an Apple II microcomputer. The digitized
spectra were stored on disks.
Elemental Analysis
This was performed by the Gaibraith Laboratories.
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Spectral Data Fitting /
Reaction rates were reported in the form of~I0, vk~ere 10 is the
intensity of the light source used in the photolysis procedure and
is the quantum yield for the reaction. This afforded the compari
son of reaction rates without absorbed light intensity measurements.
The quantity ~ was obtained through the following derivation.
For the photochemical reaction shown in equation 25,
X,’ ‘a B (25)
vAiere X is the only absorbing species, the rate of reaction can
easily be shown to be,
-d[X] ~ (26)
dt tVIa
where ‘a is the intensity of the absorbed light. For solutions
which obey the Beer’s law, I~ can be substituted for ‘a in the above
equation and the rate written as,
-d[X]
dt = ~1(110_A) (27)
where A is the absorbance.
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On rearranging and applying Beer’s law, equation 28 is obtained,
( 1 - exp(~2.303ELCX] )Y~d X = -(~I0dt (28)
which on integration results in equation 30.
I dt
~ ( 1 - exp(-2.303~CX]))4 d X = -~ ~ (29)
-~Jo
[x) - [x]0 ‘~ ~1- exp(-2.303~ Cx]) ~ (30)
2.303 ~ 1 — exp(—2.303cL Cx] ~0
On rearranging the above expression, equation 31 is obtained.
[x] — [x]0 _________ 1 — exp(—2.3036LCX] ~ = —t (31)
2.303 ~ 10 1 - exp(-2.303~QE~] ~
0
In a solution ~.1nere X and B absorb light, the absorbance at any
given tine is given by,
A= c~[Xj + s~[Bj (32)
but [Xj + [B) [X)0 (33)
where [X)0 is the initial concentration of X. Mence,
A = ~~~[X) + E~[X10 - ~[Xi (34)
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which can be rearranged to:’
A = (~x + e3)~.[X] + (35)
On rearranging the above equation, equation 36 is obtained.
(ex + = A - (36)
In the azidopentaammine rtiodium(III) complex system e~ is far
greater than CB hence,
e~~.[X] =A— EB~[X]o = A — Af (37)
where Af is the final absorbance.
The above equation can be rearranged to,
[Xl =A-Af (38)
e
Substituting the above equation into eq. 31, equation 39 is obtain
ed.
A - A0 1—exp(Af-A)
_____________ + 1
2.303 Jo ~ x~ 2.303 ex 1—exp(Af—A0) =—t (39)
where A and t are variables and Af and c~i0 ex~ are adjustable
parameters and, A0 is the initial absorbance. By applying the
least square principle, the best values of the parameters are
determined so as to maximize the agreement between the observed
values of t and those calculated from equation 39 or to minimize
the sum of the squared errors for t.
20
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Determination of the Number of Species in Solution
Understanding the equilibrium condition of any solution re
quires knowledge of both the number and nature of the various
chemical species in the solution. The most widely used technique
for determing the total number of species present in a solution at
equilibrium is spectrophotornetry. An excellent review of the
various methods used are available.30 Hence no attempt will be made
to explain these except for the method used in this study.
Graphical methods are used in systems ~iere the total number
of absorbing species is less than or equal to three. Consider a
series of solutions numbered 1 to j, each having had its absorbance
measured at a number of different wavelengths 1 to i. The data set
may be laid out in the form of a matrix,
a11 a21 a31 ..................ail
a 12 a22 a32.... . . . . . . . . . . . . . . .ai 2
(40)
a 13 823 833 . . . . . . . . . . . . . . . . . . .ai3
a 14 a24 a34 .. . . . . . . . . .ai4
a 1~ a22 a3~ . . . . . . . . . . . . .aij
The one, two and three species tests are summarized in Table 1.
Table I. — Graphical functions for species testing of solution absorbance data in which there is no restriction of stoicl)iometry.
For values where i ~ in and I f x, y or z, and
in is usually a wavelength of maximum absor
bance; x, y and z are arbitrary but flxcd so!
tion numbers. A family of straight lines will
result with a common point of intersection.
Number of Absorbance plotting functions
species to be — Notes and results for valid test
tested for y-axis x-axis
I a~q a11 For all values where i~ ≠ in, and rn is usually
a wavelength of maximum absorbance. A series
of straight lines are produced passing through
the origin.
2 a,~1 aq For all values where i ~ in ~ ii, and in is usually
~ a wavelength of maximum absorbance. A series
of straight lines passing through the origin are
produced A one-species test can sometimes
produce a set ofstraigh t lines with this function,
hut they do not pass through the origin.
3 ~ a~~) — (°my a~) ~
(a,~,r a~~) — (a~7~ a~) (a,~ir a12) — (a,,~2 a~)
I’.)
ref. 30, p 35.
RESULTS AND DISCUSSION
The ultraviolet spectra of aqueous solutions of ~(NH3)5N32~
and hydrazine are shown in Figures 4 and 5 respectively. The latter
shows no absorption of 25mm radiation by N2H4H2S04. Hence the
photolysis of Ri(NH3)5N32~ in aqueous solutions of Ri(NH3)5N32~
and N2H4H2S04 was followed through absorbance at 25mm as irradi
ation proceeded. The photodecompositon of hydrazine was followed
through the absorbance at 460nm. The effect of hydrazine on the
photodecomposition of R~(NH3)5N32~ was determined by comparing the
initial rates,4H0, for solutions of the complex with and without
added hydrazine. Given in Tables 2 and 3 are the absorbances and
concentrations of various species during irradiation at 25mm of
aqueous solutions of fTh(NH3)5N32~ and ~i(NH3)5N32~ with added hydra
zine, respectively. The value of 4~ 10 for 1~i(NH3)5N32~ photo—
decomposition at pH 7 is 0.148 Msm while that of ~(NH3)5N32~ and
hydrazine sulfate at pH 2.5 is 0.149 Msm. Figures 6 and 7 show
the corresponding fitted plots of absorbance versus time of irradia
tion. Since the concentrations of N2H4.H2S04 and ~(NH3)5N32~ used
are comparable, according to the stoichiometric equation 15 most of
N2H4.H2S04 should have decomposed, yet at pH 2.5 the rate of photo
decomposition of hydrazine was zero. Raising the pH from 2.5 through
4.3 gave identical values for the rate of photodecompositon of the
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Table 2. The Absorbance and Concentration of F~~(NH3)5N32~ During
Irradiation at 25mm at pH 7
Time Absorbance [~i(NH3)5N32~]








(2.303 E~ ~I0~1 0.00543
= 0.148 Ms~
Final Absorbance = 0.571
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Table 3. The Absorbance and Concentration of Various Specie~
During Irradiation at 25mm of Aqueous Solution of ~,(NH3)5N3L+
Containing N2H4.H2S04 at pH 2.5
Time Absorbance [f~~(NH3)5N32i Absorbance
(sec) at 25mm xlO3M at 460nm
0 1.654 3.181 1.725
100.4 1.325 2.548 1.725
346.0 0.688 1.323 1.725
500.3 0.225 0.433 1.725
560.8 0.176 0.338 1.725
622.6 0.119 0.229 1.725
724.6 0.097 0.187 1.725
[N2H5j = 2.20699 x 103M
[N2H4] = 0.00001 x 103M
(2.303 C2,~ Io)1 0.00540
~ 10 = 0.149 Ms’
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Figure 6. A plot of absorbance vs time of irradiation













Figure 7. A plot of absorbance vs time of irradiation
2+for an aqueous solution of Rh(NH3)5N3
containing N2F{4.H2S04 at pH 2.5
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3.8 and 4.3. Tables 4 and 5 g~’ive th~ absorbances and concentrations
of various species during irradiation at 25mm of these solutions.
Figures 8 and 9 show the corresponding fitted plots of absorbance
versus time of irradiation. F~ising the pH of the FTh(NH3)5N32~ and
N2H4.H2S04 solution to 5 and irradiating, a white precipitate was
formed with the following elemental analysis results: C, 1.74; H,
3.91; N, 17.02; S, 4.17; 0, 15.08. Its yield was 4.158% and 0.012%
with respect to initial amounts of N2H4.H2S04 and the rhodium
complex, respectively. Absorbance at 251 nm showed no change inspite
of precipitate formation. Substitution of the hydrazine source by
N2H4.2H13F4 or N2H4.2HC1 at this pH resulted in the formation of
precipitates which were not analyzed. The possible source of
carbon in the above analysis was the filter paper which was used
for collecting and drying of precipitate. The precipitates formed
were not fully investigated because, not only were they formed by a
side reaction (negl igibl e yield) but hydraziié hydrate was u~edat
this pH without precipitate formation.
For solutions at pH 5 through 7 the value of 4~Io was 0,
implying no photodecomposition of Rh(NH3)5N32~. Given in Tables 6,
7 and 8 are the corresponding absorbances and concentrations of the
various species during irradiation. Hydrazine did not decompose in
pH range 2.5 to 7.0 inspite of an increase in the free hydrazine con
centration from 1.0 x io8 M at pH 2.5 to 0.259 x io~ M at pH 7.
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Table 4. The Absorbance and Concentration of Various ~ecies During
Irradiation at 25mm of Aqueous Solution of ~-i(NH3)5N3 Containing
N2H4.H2S04 at pH 3.8
Time Absorbance [~(NH3)5N32~] Absorbance
(sec) at 25mm xlO3M at 460nm
0 1.262 2.427 1.683
100.5 0.901 1.733 1.683
345.1 0.423 0.813 1.683
499.5 0.252 0.485 1.683
620.4 0.164 0.315 1.683
[N2H5~] = 2.15284 x 103M
[N2H4] = 0.00016 x 103M
(2.303 C.~ 4) I0Ym 0.00540
0.149 Ms1
Final Absorbance = 0.0992
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Table 5. The Absorbance and Concentration of Various ~ecies During
Irradiation at 25mm of Aqueous Solution of I~i(NH3)5N3 Containing
N2H4.H2S04 at pH 4.3
Time Absorbance [1Th(NH3)5N32j Absorbance
(sec) at 25mm xlO3M at 460nm
0 1.024 1.969 1.615
61.1 0.700 1.346 1.615
188.1 0.510 0.981 1.615
391.3 0.275 0.529 1.615
[N2H5j = 2.06552 x 103M
[N2H4] = 0.00048 x 103M
(2.303 ~ 10Y1 = 0.00541
~ 10 = 0.149 Ms’
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g~Q~ A plot of absorbance vs time of irradiation
for an aqueous solution of Rh(NH3)5N32~











Figure 9. A plot of absorbance vs time of irradiation
2+for an aqueous solution of Rh(NH3)5N3
containing N2H4.H2S04 at pH 4.3
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Table 6. The Absorbance and Concentration of Various Species
During Irradiation at 25mm of Aqueous Solution of f~i(NH3)5N32~
Containing N2H4 at pH 5
Time Absorbance [~i(NH3)5N32~] Absorbance
(sec) at 25mm xlO3M at 46Onni
0 1.724 3.315 1.850
260.3 1.724 3.315 1.850
350.4 1.724 3.315 1.850
600.8 1.724 3.315 1.850
954.2 1.724 3.315 1.850
[N2H5j = 2.36422 x 10~M
[N2H4] = 0.00278 x 103M
(2.303 ~ ~Io)1 = 0 L1s
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Table 7. The Absorbanceand Concentration of Various ~ecies During
Irradiation at 25mm of Aqueous Solution of ~i(NH3)5N3 Containing
Hydrazine at pH 6
Time Absorbance [~,(NH3)5N32j Absorbance
(sec) at 25mm xlO3M at 460nm
0 1.647 3.167 1.640
376.1 1.647 3.167 1.640
701.7 1.647 3.167 1.640
1270.8 1.647 3.167 1.640
[N2H5~] = 2.0733 x 10~M
[N2H4] = 0.0247 x 103M
(2.303 ~Io)’ = 0
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Table 8. The Absorbance and Concentration of Various ~ecies During
Irradiation at 25mm of Aqueous Solution of E~(NH3)5N3 Containing
Hydrazine at pH 7
Time Absorbance [~(NH3)5N32j Absorbance
(sec) at 25mm xlO3M at 460nm
0 1.706 3.281 1.719
133.4 1.706 3.281 1.719
213.2 1.706 3.281 1.719
314.8 1.706 3.281 1.719
[N2H5]~ 1.940 x 103M
[N2H4] = 0.259 x 103M
(2.303 ~ Io)1 0
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Calculations of [N2H5 I and [N2H4] in these solutions show
that at pH 2.5, 3.8 and 4.3, hydrazine exists mainly as the
hydrazinium(+1) ion. The free hydrazine concentrations being 1.0 x
108M, 1.6 x 10 7M and 4.8 x 107t4 respectively. Since the value of
4 10 were the same for these solutions, the conclusion that the pho—
todecomposition of ~(NH3)5N32~ was not affected by the presence of
hydrazinium (+1) ion, at the concentrations used, seemed reasonable.
Hence, inspite of a single basic site on the hydrazinium (+1) ion,
both, the fully investigated coordinated singlet nitrene intermedi
ate of the rhodium complex and ~1(NH3)5N32+ were unreactive towards
this ion. It would seem that hydrazine is the species that
effectively quenches the çtiotodecomposition of the R,(NH3)5N32~
ion. There are several species present in the media which might
effect this quenching. These are Ri(NH3)5N32~, F~(NH3)5N32~.2N2H4,
N2H4,N2H5~, H~ and 0H. All other species are at constant or very
low concentrations. The concentration of R~(NH3)5N32~ is virtually
constant in all runs and thus is not likely to account for the
observed behavior. The H+ and N2H5+ ions decrease in concentration
as the quenching increases. Hydroxide ion in a Rh(NH3)5N32~ solu
tion at its neutral pH is 107M in 0H. The value of ~ was
found to be 0.148 Ms’. In a solution in which the concentration of
0H was 10~5M the value of ~Io was also 0.148 Ms’. Therefore 0H
does not appear to be the effective quencher. Af seems to be pH de
pent in some of the solutions in which there is photodecomposition.
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No attempt has been made to~ explain this behavior since no similar
work has been reported in the literature.
The concentrations of hydrazine at pH 5, 6 and 7 were calculat
ed to be as follows: 2.78 x 106M, 2.47 x 105M and 2.59 x 103M
respectively, while those of Ri(NH3)5N32~ were, 3.32 x 103M, 3.17
x 103M and 3.28 x 103M. The ratios of [N2H4] to [~(NH3)5N32~]
for these solutions were 1:1000, 1:100 and 1:1 as compared to
1:300000, 1:20000 and 1:4000 for pH’s 2.5, 3.8 and 4.3, respectively.
The transition from photodecompositon to non—decomposition of the
rhodium complex occurred between pH 4.3 and pH 5. This implied the
attainment of a free hydrazine concentration which inhibited the
photodecomposition of Rh(NH3)5N32~. At ratios of [N2H4] to
[1~i(NH3)5N32~] lower than 1:1000, hydrazine interacted with the
rhodium compl ex, as evidenced by the zero value of ~Io for
solutions at pH 5, 6 and 7. This was confirmed through the analysis
of the optical spectra of aqueous solutions of 1~i(NH3)5N32~, Ri
(NH3)5 N32~/N2H4 and N2H4 at pH 7.3. Figure 10 shows a plot of these
spectra. If the two species did not interact, spectrum 2 would be
a summation of spectra 1 and 3, yet it shows a significant decrease
in absorption, coupled with a shift to lower wavelengths compared
to the Ri(NH3)5 ~2+ spectrum. In order to determine the number of
species present in the solution the one, two and three species
tests were conducted and the results are shown in Figures 11, 12 and
13. The test was positive for two species, implying the presence

















Figure 10. U.V. spectra of the following aqueous solutions:
1. 3.19 x 10~ M Rh(NH3)5N32~ solution at pH 7.3
2. 3.19 x 10~ M Rh(NH3)5N32~ solution containing
1.66 x l0~ M N2H4 at pH 7.3
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solution. The stoichiometry of this complex in solution was deter—
I
mined by plotting the absorbance~at200nm of several solutions of
lTh(NH3)5 N32~ containing different concentrations of N2H4. The
results and plot are shown in Table 9 and Figure 14, respectively.
From the plot the complex formed between ~(NH3)5 N32~ and N2H4 has
the formula R~(NH3)5 N32~2 N2H4.
The results of the photodecomposition of Rh(NH3)5N32~ and N2H4
in the Rh(NH3)5N32t’N2H4 solutions were unexpected since the results
of the photolysis of the nickel(II) azido complex by Reed’ suggest
ed an interaction between hydrazine and the metal nitrene intermedi
ate. The results of the photodecomposition of the nickel (II) azido
complex and hydrazine in the Ni—tert (tert is 5,7,7,12,14,14—
hexamethyl-1,4,8,11—tetrazacyClotetradecane) azide/hydrazine solu
tions are given in Tables 10,11,12 and 13. No attempt has been
made to give a quantitative explaination for the data obtained.
Rather the data serves to illustrate that a hydrazine and metal
nitrene intermediate interaction is strongly implicated by a
simultaneous Ni—tert complex and hydrazine photodecomposition. If
hydrazine interacted with the rhodium nitrene intemediate a similar
behavior would have been expected.
Since decomposition of Ri(NH3)5N32~ is completely quenched
when the R~(NH3)5N32~/N2H4 ratio is 1000 or less, the interaction
between Rh(NH3)5N32~ and N2H4 as evidenced by Figure 10 cannot fully
explain this phenomena because I~,(NH3)5N32+ is in a large excess.
44
Table 9. The Absorbance at 200nm of 1~i(NH3)5N32~ Solutions Containing




































































































































































































































































TABLE 10. The Absorbance and Concentration of Various Species
During Irradiation of a Methanolic Solution of Nickel(II)azido
Compi ex
Time Absorbance Azide





(2.303 ~ 4) Io)’ = 0.002102 L~s
TABLE 11. The Absorbance and Concentration of Various Species During Irradiation
of a Methanol ic Sol ution of Nickel (II) azido Complex and 1.5 x iO3M Hydrazine
Time Azide Absorbance Azide N2H4 1~bsorbance N2H4
(sec) at 460nm concentration at 460nm concentration
M M
0 0.0694 0.000663 1.172 0.00150
323.2 0.0644 0.000616 1.063 0.00136
936.2 0.0626 0.000598 1.032 0.00132
1251.9 0.0583 0.000557 0.938 0.00120
(2.303 ~ ~:t~ 10Y’ = 0.00209 L’s
of azide decomposition
TABLE 12. The Absorbance and Concentration of Various Species During Irradiation of
a Methanol ic Sol ution of Nickel (II) azido Complex and 3.39 x IO~M Hydrazine
Time Azide Absorbance Azide N2H4 J~bsorbance N2H4
(sec) at 460nm concentration at 460nm concentration
—- M M
0 0.144 0.00140 0.265 0.00339
426.5 0.134 0.00130 0.251 0.00321
621.6 0.131 0.00125 0.244 0.00312
1144.6 0.114 0.00109 0.230 0.00294
Azide photodecomposition (2.303 E9~ 4~ 10Y’ 0.00204 L~s
TABLE 13. The Absorbance and Concentration of Various Species During Irradiation of a
Methanol ic Sol ution of Nickel (II) azido Complex and 2.28 x 1O4M Hydrazine
Time Azide Absorbance Azide N2H4 Pibsorbance N2H4
(sec) at 460nm concentration at 460nm concentration
0 0.119 0.00110 0.178 0.00022B
434 0.084 0.00080 0.168 0.000215
691.4 0.073 0.00070 0.157 0.000201
880.0 0.058 0.00055 0.151 0.000193
Azide photodecomposition (2.303 ~ 1011 0.002102 L’s
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One possible explaination of this quenching is the formation of
excimers and the exciplex. Excimers have been defined as atomic
or molecular dimer aggregates which are unstable in their ground
state but are stable under electronic excitation.31 When the atoms
or molecules forming a dimer are dissimilar then it is an exciplex.
In solution, these are formed by the interaction between excited
and unexcited monomers and they have been considered by Kautsky and
Merkel •32 In 1954 Kasper and Forster33 reported the now well known
behavior of pyrene which in its more concentrated solutions, exhibi
ted an additional red—shifted structureless—fluorescence component
without any corresponding feature in the absorption spectrum. The
redshifted component was attributed to a dimeric species (AA)*
which does exist in the ground state but is formed by an excited
and an unexcited monomer, both of them in singlet states. The
following mechanism was proposed:
A h’v > A* (41)
A* ) A+h~ (42)
A* ~ A > (AA)* (43)
(AA)* > (AA) + h~ (44)
51
Interaction of a molecule in its lowest excited singlet state
I
with another one in its ground state is the most common but not the
only mechanism of excimer formation. Exciplex formation eg.
in the perylene and dimethylaniline system has been interpreted as
a charge — transfer complex which is stabil ized by electron transfer
from the donor to the acceptor mol ecul e.
A* ÷ D >(A_Dj* (45)
where A is perylene and D is dimethylaniline. ~ereas this complex
is unstable in its ground state, it is formed in the excited state.
Exciplex formation may occur either by an excited acceptor with an
unexcited donor (eqn. 45) or vice versa (eqn. 45),31
D* ÷ A > (D+A)* (46)
where D is pyrene and A is 1,4 dicyanobenzene.
In this system the possible excimer and exciplex formed are:
[R,(NH3)5N32j* + R~(NH3)5N32~ >[~(NH3)sN32~F~i(NH3)5N32j* (47)
[N2H4]* + R1(NH3)5N32t....> [f~1(NH3)5N32~N2H4]* (48)
[R1(NH3)5N32~]* + N2H4 ~[f~(NH3)5N32~.N2H4]* (49)
The formation of an excimer according to equation 47 would have
resulted in the non—photodecompostion of Rh(NH3)5N32~ in all the
solutions used, since the rhodium complex is in large excess as
compared to N2H4. Hence, equation 47 is highly unlikely as an
excimer formation pathway. Equation 48 can not describe what
52
possibly ha~ppened in, the system, since at excitation wavelengths us
ed, hydrazine does not exhibit an absorption. Equation 49 describes
possibly what happens in the system since the excited rhodium
complex consists of a reduced metal and an oxidized azide. The
latter can easily interact with N2H4 which is a reducing agent,
according to equations 50,51 and 52.
III —1 II (0)
~—N3 h’o~~ ~Th N3 (50)
25mm
II (0) II (—1) (+1)
R1—N3 ÷ N2H4—~ f~i —N3....N2H4 (51)
II (—1) (+1) (III) (—1)
_—.~.1~1— N3 + N2H4 (52)
This mechanism would account for the non—phodecomposition of
E~i(NH3)5N32~ and N2H4 in solutions containing substantial amounts
of hydrazine though no similar work is reported in the literature.
CONCLUSION
The photodecompoSition intermediate of ~(NH3)5N32~ was unre
active towards the hydrazinium (+ 1) ion. The transition from
photodecomposition to quenching of the photodecompositiOfl of the
rhodium complex occurred v~ien the ratio of [N2H4] to [Ri(NH3)5N32i
decreased from 1:4000 to 1:1000. The concentration of free hydra
zine in these solutions was 0.00048 x 103M and 0.00278 x 10~M,
respectively. This suggests further studies on the photodecomposi—
tion of the rhodium complex in this range. The rhodium complex
interacted with free hydrazine as evidenced by the formation of
E~(NH3)5N32~2N2H4 complex. Quenching was explained by the possible
formation of an exciplex which was not isolated.
The possible formation and reaction of the triplet nitrene can
be studied possibly by using a weaker reducing agent which would not
react with the excited Ri(NH3)5N32~.
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